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Objectives: to assess intra- and interobserver variability in the measurement of aortic and common iliac artery diameter by
means of computed tomography (CT).
Design: reproducibility study.
Material and Methods: three radiologists performed measurements of aortic diameter at five different levels and of both
common iliac arteries with CT. Fifty-nine subjects were examined, 29 with and 30 without abdominal aortic aneurysms
(AAA) as assessed by ultrasound.
Results: intraobserver variability varied between radiologists, measurement plane (anterior-posterior vs transverse) and
measurement level. The interobserver variability was markedly higher at the bifurcation than at the suprarenal level and
higher than intraobserver variability for measurements at all levels. Both intraobserver and interobserver variability
increased with increasing vessel diameter and were largest in patients with AAA. The absolute intraobserver difference
of the maximal infrarenal aortic diameter was 2 mm or less in 94% of intraobserver pairs. The corresponding interobserver
difference was 82%.
Conclusions: interobserver variability of CT measurements of aortic and common iliac artery diameter is not negligible
and should be taken into account when making clinical decisions. When assessing change in aortic diameter, previous CT-
scans should be reviewed simultaneously as a routine to exclude interobserver variability.
Key Words: Abdominal aortic aneurysms; Aortic diameter; Computed tomography; Measurement variability;
Interobserver; Intraobserver.
Introduction
The use of ultrasound and computed tomography
(CT) is central in the diagnosis and follow-up of
patients with abdominal aortic aneurysms (AAA). As
both the maximal AAA diameter and the growth
inform treatment decisions, a high degree of reprodu-
cibility is essential.
Unlike for ultrasound,1±8 few studies have evalu-
ated the variability in CT determined aortic dia-
meter.1,9 Lederle et al.9 reported intraobserver and
interobserver variability in CT measurements in a
large multi-centre based study of American veterans,
and concluded that differences in measurement of
5 mm or more were common. Only aortas with maxi-
mal diameter between 40 and 55 mm were examined,
however.9 Jaakkola et al.1 included 14 normal and 19
aneurysmal aortas in their study, and found that inter-
observer variability in the anterior-posterior plane
was 3.7 and 3.1 mm for normal and aneurysmal aor-
tas, respectively. The corresponding values in the
transverse plane were 3.0 and 6.9 mm, respectively.
There is one published study investigating in detail
the inter- and intraobserver variability of measure-
ments of the upper neck of the aneurysm, the aneur-
ysm and iliac arteries.10 However, only 10 consecutive
patients eligible for endovascular treatment were
included. There is a need for more knowledge about
the accuracy of the CT measurements.
The aim of this study was to examine the variability
of CT measurements of aortic and common iliac artery
diameter in subjects with normal and aneurysmatic
aortas. The intraobserver and interobserver variability
were assessed for three radiologists with a variable
degree of experience, measuring the aorta and com-
mon iliac arteries of 59 individuals.
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Material and Methods
Study design
The Tromsù study was started in 1974 and is a
population-based prospective study of inhabitants in
the municipality of Tromsù, Norway.11,12 In the fourth
cross-sectional survey in 1994/95, all inhabitants older
than 24 years were invited to the screening, and 27 159
subjects, 77% of the eligible population, participated.
A protocol similar to that used during the previous
surveys in this population12 was followed. All subjects
aged 55±74 years and 5±10% samples of the other five-
year age groups under the age of 85 years, in addition
to some small subgroups were invited to a second
examination. This comprised inter alia ultrasono-
graphic measurements of aortic diameters. A total of
6892 subjects, 79% of the eligible population had their
aorta measured as previously described.8,13 An aortic
aneurysm was defined as present if one or more of the
following criteria were met: (1) the aortic diameter at
the renal level was equal to or greater than 35 mm in
either anterior-posterior or transverse plane, (2) the
infrarenal aortic diameter was  5 mm larger than
renal aortic diameter in either plane, (3) a localised
dilatation of the aorta was present.
The 348 subjects (79% men) who fulfilled these
criteria and 287 representative subjects with ultra-
sonographically normal aortas were invited to the
Department of Radiology for routine CT examination
and measurements of the aortic and both common
iliac artery diameters.
The computed tomography study
Three hundred and thirty-four men and women with
ultrasonographically detected abdominal aortic
aneurysm (96%) and 229 subjects with ultrasonogra-
phically normal aortas (80%) accepted the invitation.
The CT examination was carried out with Siemens CT
(Somatom HIQ Type 600 Serial no. 8349). The exami-
nation was done under continuous intravenous injec-
tion of contrast medium (120 ml omnipaque 300 mg
iodine/ml) and with 10 mm slice thickness and
10 mm increment. The CT examination in subjects
with normal aortas was done without intravenous con-
trast medium. The Regional Committee for Medical
Research Ethics approved the study.
The abdominal aorta from the diaphragm to the
bifurcation and both common iliac arteries were
examined. All the CT examinations were stored in an
optic disc and measurements were done on the screen
using electronic callipers. The diameter was registered
to the nearest millimetre. The external aortic diameter
was measured in the anterior-posterior and transverse
plane at the renal level, 1 cm suprarenal, 1 cm below
the renal level, just before the bifurcation level and
both common iliac artery diameters at their origin
(Fig. 1). In addition, the maximal infrarenal diameter
was measured. The aortic diameter measured 1 cm
below the renal level was considered to represent the
maximum infrarenal aortic diameter when the infra-
renal aorta was normal and no slices in the infrarenal
segment had larger diameter. The different aortic and
iliac levels for measurement were decided by the indi-
vidual participating radiologists on the available CT
scans. Measurements of aortic and iliac diameters
were made perpendicular to the direction of tortuosity
in tortuous aortas and iliac arteries. This was done to
correct for oblique slices due to tortuosity.
For this reproducibility study, we selected randomly
30 subjects of those with AAA and 30 subjects with
normal aortas as assessed by ultrasound. Due to tech-
nical problems, data from one person with aortic
aneurysm was not available for readings and another
subject with graft-operated aorta was not read by two
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Fig. 1. The level of measurements on the axial images with ultra-
sound and computed tomography: (1) renal artery level; (2) supra-
renal level; (3) 1 cm infrarenal level; (4) aortic bifurcation level;
(5) maximal infrarenal level; (6) right common iliac artery level
and (7) left common iliac artery level.
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of the radiologists. There were also occasionally miss-
ing values of diameter at some levels. In order to
evaluate intraobserver and interobserver variability
in the measurements of the aortic and common iliac
artery diameter, the CT examinations were read on the
screen by three radiologists twice with at least three
weeks interval. They had no access to the readings of
each other and their own previous readings. One of
the radiologists was an experienced vascular radiolo-
gist (A), one was an experienced vascular resident (B)
and the third was an experienced neuroradiologist
with limited experience from vascular radiology (C).
Statistical analysis
Intraobserver and interobserver differences were esti-
mated by calculating the mean (and 95% confidence
interval (CI)) of the arithmetic differences between
repeated measurements on the same subject. Variabil-
ity was calculated as 1.96 standard deviation (sd) of
the mean arithmetic difference according to Bland and
Altman.14,15 If the differences are normally distri-
buted, 95% of the differences will lie within a range
of 1.96 sd of the mean difference. This range will
be referred to as the limits of agreement.14 To examine
whether measurement variability was of the same
magnitude when measuring both small and large dia-
meters, we plotted the arithmetic differences between
repeated measurements against the average diameter.
We also estimated variability by calculating the mean
absolute differences between repeated measurements,
and the percentage of the absolute differences that
were 2 mm or less, 3 mm or less and 4 mm or less.
The individual differences and means for measure-
ments at all aortic and common iliac artery levels in
both planes were pooled and analysed by analysis of
variance in order to identify the effects of different
readers, measurement plane, measurement level and
presence of aneurysm. For interobserver differences,
whether it was first or second reading was also
included as a factor. Thus, data from CT measure-
ments from the same person is included in the anal-
ysis many times. This was handled in the analysis by
including person as a factor in the analysis of vari-
ance. Measurements of the neck of aneurysm (1 cm
below the renal level) were excluded from analysis
of variance due to interdependency with measure-
ments of the maximal infrarenal aortic diameter.
Separate subgroup analysis did not show any signi-
ficant difference for measurement variability at this
level. Two-sided p-values less than 0.05 were consid-
ered to indicate statistical significance. The SAS
software package was used.16
Results
The characteristics of the study subjects are given in
Table 1. In subjects with an aortic aneurysm, there was
a predominance of smoking men with relatively high
risk of cardiovascular disease. Five of the aortic aneur-
ysms extended to the right common iliac and two to
the left common iliac artery.
Intraobserver reproducibility
The mean arithmetic difference between the repeated
measurements on the same subject by the same radio-
logist was generally small (mean ÿ0.002 mm, 95%
CI: ÿ0.07, 0.07), although the differences were statis-
tically significant between some subgroups (readers,
measurement plane and presence of aneurysm)
Table 1. Descriptive characteristics of the subjects with and without abdominal aortic aneurysm participating in the reproducibility
study.
Subjects without aneurysm Subjects with aneurysm All
Number 30 29 59
Age (sd) (range) years 68.0 (5.5) (56±78) 66.8 (6.4) (55±77) 67.4 (5.9) (55±78)
Men % 47 76 61
Smokers % 33 62 47.5
Body-mass index kg/m2 25.0 (3.4) 27.0 (4.2) 26.0 (3.9)
Serum HDL mmol/l 1.49 (0.41) 1.40 (0.36) 1.45 (0.38)
Serum cholesterol mmol/l 6.79 (1.03) 7.01 (1.40) 6.90 (1.22)
Ultrasound assessed maximal aortic
diameter (sd) (range) mm
Anterior-posterior plane 19.9 (2.5) (15±25) 34.0 (8.5) (25±63) 27.0 (9.5) (15±63)
Transverse plane 21.1 (2.9) (16±28) 36.0 (10.3) (25±77) 28.6 (10.7) (16±77)
Computed tomography assessed maximal
aortic diameter (sd) (range) mm
Anterior-posterior plane 22.9 (2.3) (19±28) 35.0 (8.9) (23±65) 28.9 (8.9) (19±65)
Transverse plane 22.5 (2.4) (17±26) 35.7 (10.2) (23±70) 29.1 (9.9) (17±77)
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(Table 2). As adjustment for subject and the other
factors included in the Table 2 did not influence the
mean values, we present the mean differences without
adjustment.
The mean arithmetic difference for one of the radio-
logists (A) was negative, indicating that diameters
were measured slightly larger at the second compared
to the first occasion. For the reader C, the opposite was
the case.
The results indicate that the measurement variabil-
ity, as estimated by 1.96 sd of the mean arithmetic
difference (limits of agreement), was smaller for radio-
logist A (2.6 mm) and B (2.8 mm) than for radiologist C
(3.8 mm), higher in the transverse plane (3.3 mm) than
in the anterior-posterior plane (2.8 mm) and higher in
aneurysmatic (3.6 mm) than in normal aortas (2.5 mm)
(Table 2).
The variability was higher in all examined sub-
groups (readers, plane and levels) when measuring
arteries with aneurysm compared to arteries without
aneurysm (data not shown in the table). In particular,
the variability for the maximal infrarenal diameter
was 2.2 and 3.6 mm for normal and aneurysmatic
aortas, respectively. Variability throughout the range
of measurements is shown in Figure 2. The figure
suggests an increased standard deviation of the differ-
ences with increasing diameter. However, in a linear
model, the absolute difference increased with a modest
0.17 mm per 10 mm increased vessel diameter. This
relationship was, however, only found for the trans-
verse plane measurements (0.3 mm per 10 mm
increase in diameter). Figure 3 illustrates that the
three radiologists differ with regard to intraobserver
variability.
In order to make our results comparable with pre-
vious research, we present some results for the maxi-
mal infrarenal aortic diameter only. The variability in
the anterior-posterior plane was 1.6, 2.8 and 2.4 mm
for radiologist A, B and C, respectively. The corres-
ponding figures for the transverse plane were 2.9, 2.6
and 4.6 mm, respectively (data not shown).
Interobserver reproducibility
The mean interobserver difference was 0.48 (95% CI:
0.41, 0.55) mm. The interobserver differences varied
significantly between different reader pairs, between
first and second reading as well as between different
aortic levels and both common iliac arteries
(p5 0.001). The measurements by radiologist A were
systematically slightly higher than those done by B
and C, and B had systematically slightly lower mea-
surements than C (Table 3). As adjustment for subject
Table 2. Intraobserver differences and variability with computed tomography measurements of abdominal
aortic and common iliac artery diameter. The Tromsù Study 1994±95.
Number
of pairs
Mean (mm) (95% CI) p value Variability
(mm)

All measurements 2086 ÿ0.002 (ÿ0.07, 0.07) 3.1
Reader 50.001
A 698 ÿ0.21 (ÿ0.31, ÿ0.12) 2.6
B 692 0.01 (ÿ0.10, 0.11) 2.8
C 696 0.20 (0.06, 0.34) 3.8
Measurement plane 50.001
Anterior-posterior 1043 ÿ0.17 (ÿ0.25, ÿ0.08) 2.8
Transverse 1043 0.16 (0.06, 0.27) 3.3
Measurement level 0.06
Aortic level
Suprarenal 352 ÿ0.15 (ÿ0.28, ÿ0.02) 2.5
Renal 352 0.06 (ÿ0.14, 0.25) 3.6
Bifurcation 346 0.03 (ÿ0.16, 0.21) 3.5
Maximal infrarenal 348 ÿ0.11 (ÿ0.27, 0.05) 3.0
Iliac artery level
Right iliac artery 344 0.19 (0.02, 0.35) 3.1
Left iliac artery 344 ÿ0.02 (ÿ0.17, 0.14) 2.9
Measurement at
All aortic levels 1398 ÿ0.04 (ÿ0.13, 0.04) 0.07 3.2
Both iliac artery levels 688 0.08 (ÿ0.03, 0.20) 3.0
Ultrasound assessed aneurysm 0.01
No 1060 0.08 (0.01, 0.16) 2.5
Yes 1026 ÿ0.09 (ÿ0.20, 0.02) 3.6
Variability calculated as 1.96 sd of the mean difference.14
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and the other factors included in the Table 3 did not
influence the mean values, we present mean differ-
ences without adjustment.
The interobserver measurement variability (1.96 sd)
is given in the right column of Table 3. Mean variabil-
ity was 4.5 mm. The variability was highest at the
bifurcation level (6.6 mm) and lowest for measure-
ment of left common iliac artery diameter (3.5 mm).
As for intraobserver variability, the variability was
higher for measurement of aortas with than without
an aneurysm. This was the case for all the compari-
sons between readers, both first and second reading,
measurement plane and level of the artery. For the
maximal infrarenal diameter, the variabilities were
5.2 and 2.8 mm, respectively. The mean absolute dif-
ference increased 0.4 mm per 10 mm increase in the
diameter of the blood vessel. This relationship was,
however, significantly (p5 0.001) stronger in the
transverse plane (0.57 mm per 10 mm increase in
diameter) than in the anterior-posterior plane
(0.21 mm per 10 mm increase in diameter). The inter-
observer differences as a function of diameter is dis-
played in Figure 4.
Absolute intraobserver and interobserver differences
The absolute intraobserver differences for measure-
ments of the maximal infrarenal aortic diameter in
the anterior-posterior plane were 2 mm or less in
96% and 3 mm or less in 99.4% of intraobserver
pairs. Only 0.6% of the differences were 5 mm or
more (Table 4). Radiologist A had all the readings
within 2 mm, B had one difference larger than 3 mm,
whereas C had all the differences within 3 mm. In the
transverse plane, the absolute intraobserver differ-
ences were in general somewhat larger (Table 4). The
absolute difference in maximal diameter in any plane
was 2 mm or less and 5 mm or more in 93.7 and 2.9%
of the pairs, respectively.
For measurements of maximal aortic diameter in
the anterior-posterior plane, the absolute interobser-
ver differences were 2 mm or less in 84.9%, 3 mm or
less in 93.0%, and 4 mm or less in 97.1% of measure-
ment pairs (Table 4). The interobserver differences
were larger in the transverse plane. The absolute inter-
observer difference in maximal diameter in any plane
was 2 mm or less and 5 mm or more in 82 and 6.1% of
the pairs, respectively.
Discussion
Many patients with an AAA detected by ultrasound
are imaged with CT and maximum aortic diameter as
assessed with CT is considered the gold standard for
clinical decision-making.
If an aneurysm is to be treated by stentgraft, the
exact sizing of the graft is of great importance. Mis-
match between the diameter of the body of the graft
and the diameter of the upper neck of aneurysm may
cause clinical complications. It is equally important to
avoid mismatch in the distal anchoring of the bifur-
cated aorto-iliac stentgrafts by exact measurements of
the common iliac artery diameters. Thus, the accuracy
of the CT measurements of the abdominal aorta and
common iliac arteries is important both for diagnosis,
follow-up and in preoperative decision making for
aneurysms.
This study was performed with conventional CT.
Single and multislice spiral CT technology make it
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Fig. 2. Plots of intraobserver differences against the average diam-
eter of aorta and common iliac arteries measured with computed
tomography for individual radiologists.
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possible to acquire thinner axial slices of aorta and
common iliac arteries, and CT angiography recon-
structions provides better visualisation of accessory
renal arteries and the neck of the aneurysm. However,
both intraobserver and interobserver measurement
variability will be present as long as the CT examina-
tions have to be judged by radiologists. To our know-
ledge, there are no studies of aortic measurement
variability with new CT technology. There is a need
for similar studies using more modern CT techniques.
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Fig. 3. Plot of intraobserver differences against the average diameter of aorta and common iliac arteries measured with computed
tomography. Radiologist A, B and C.
Table 3. Interobserver differences and variability with computed tomography measurements of abdominal
aortic and common iliac artery diameter. The Tromsù Study 1994±95.
Number
of pairs
Mean (95% CI) mm p-value Variability
(mm) 
All measurements 4136 0.48 (0.41, 0.55) 4.5
Reader pair 50.001
AB 1372 1.03 (0.91, 1.14) 4.3
AC 1394 0.73 (0.63, 0.83) 3.8
BC 1370 ÿ0.32 (ÿ0.45, ÿ0.19) 4.8
Readings 50.001
First reading 2068 0.33 (0.24, 0.43) 4.4
Second reading 2068 0.63 (0.53, 0.73) 4.5
Measurement plane 0.85
Anterior-posterior 2068 0.49 (0.40, 0.58) 4.1
Transverse 2068 0.47 (0.37, 0.58) 4.8
Measurement level 50.001
Aortic level
Suprarenal 700 0.62 (0.48, 0.75) 3.6
Renal 704 0.43 (0.29, 0.58) 3.9
Bifurcation 684 0.57 (0.31, 0.82) 6.6
Maximal infrarenal 688 0.68 (0.52, 0.84) 4.2
Iliac level
Right iliac artery 680 0.58 (0.42, 0.73) 4.1
Left iliac artery 680 0.01 (ÿ0.13, 0.14) 3.5
Measurement at 50.001
All aortic levels 2776 0.57 (0.48, 0.66) 4.7
Both iliac artery levels 1360 0.29 (0.19, 0.39) 3.9
Ultrasound assessed aneurysm 0.25
No 2104 0.44 (0.38, 0.51) 3.0
Yes 2032 0.52 (0.40, 0.65) 5.6
Variability calculated as 1.96 sd of the mean difference.14
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The present study is comprehensive as we exam-
ined variability in several levels of the aorta and the
common iliac artery, and in both the transverse and
anterior-posterior planes. Our study design also made
it possible to examine how variability varies between
radiologists and with the diameter of the vessel.
We selected subjects randomly from a subset of the
population-based study for the reproducibility study,
and did not alter the CT measurement technique rou-
tinely used in our department. Thus, the measurement
variability in this study reflects the routine practice in
a small university hospital.
There are many reasons for the variability observed.
The three different radiologists may have chosen dif-
ferent slices as the slice representing the different
levels and the maximal diameter. They may also differ
in their interpretation as to what was the outer bound-
ary of the aorta. The relatively large slice thickness (as
common in conventional CT), the correction for tortu-
osity which is more prominent in aneurysmal arteries
and the experience of the radiologist may all have
contributed to the variability. However, some people
are just more accurate than others. In subjects without
aneurysms, no intravenous contrast medium
was used. There is no reason to believe that this has
influenced the variability to any significant extent.
Particularly in aortas with an aneurysm, thrombus is
relatively frequent. As we have measured the external
diameter, this has most likely not influenced the
variability.
The interobserver variability was higher for mea-
surements at the bifurcation level than at the maximal
infrarenal, suprarenal and common iliac artery level of
measurement. This may reflect the ease of assessing
the suprarenal level and uncertainty in deciding
where the aortic bifurcation began. We found higher
variability for measurements in the transverse than in
the anterior-posterior plane. This probably reflects
problems associated with identifying the outer wall
boundary of the vessel in the transverse plane. Simi-
larly, a higher variability was found when measuring
aortas with than without a present aneurysm. This
would not have been evident if only subjects with
aneurysms had been examined and underlines the
need for examining the variability not only in the
pathological state.
Previous studies have concentrated on the maxi-
mal infrarenal diameter.1,9 In the present study, we
found that approximately 95% of the CT measure-
ments of the maximal infrarenal diameter of the
abdominal aorta can be performed with accuracy
within the limit of 4 mm. The variation was higher
for the interobserver than the intraobserver mea-
surements, and higher for measurements in the
transverse than in the anterior-posterior plane. In
the multi-centre ADAM Study including 806 CT
measurement-pairs, the interobserver differences for
the maximal infrarenal aortic diameter (in any
plane) were 2 mm or less in 65% of the pairs, but
17% differed by 5 mm or more.9 Our figures were
82 and 6%, respectively. The intraobserver differ-
ences in our study are comparable to those found
in the ADAM Study.9 In a hospital-based Finnish
study of 33 subjects including both normal and
aneurysmatic aortas,1 the corresponding interobser-
ver differences for maximum aortic diameter were
62 and 12% in the anterior-posterior plane, and
66 and 12% in the transverse plane, respectively. In
our study, the comparable figures were 84.9% (2 mm
or less) and 2.9% (5 mm or more) for CT measure-
ment of the maximum aortic diameter in the anter-
ior-posterior plane and 83.1 and 5.5%, respectively,
n = 4136
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Fig. 4. Plot of interobserver differences against the average diameter
of aorta and common iliac arteries measured with computed
tomography.
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in the transverse plane. The study designs differed,
however. In the ADAM Study, measurements were
done on a hard copy with magnifying glass whereas
both in the Finnish study and our study, the radi-
ologists worked on the screen at a workstation
using electronic callipers. It is easier to measure on
a screen with electronic callipers as also shown by
Aarts et al.10
The intraobserver variability in measurements of
the maximum aortic diameter in both plane was less
than the interobserver variability, confirming the
results for all measurements levels combined
(Tables 2 and 4). Similarly, we found that the meas-
urement variability increased somewhat with
increasing vessel diameter (Figs 2 and 4). The results
for aneurysmatic and normal aortas separately con-
firm this. The more detailed analysis indicates that
this seems to be a major problem only for inter-
observer variability and for large diameters in the
transverse plane, which is in accordance with the
results from the Finnish study.1
There are at least three clinical implications of our
findings. Although not formally tested, our results
suggest that experience makes a difference. Radiolo-
gist A and B are vascular radiologists and C is a
neuroradiologist with limited experience from routine
vascular measurements with CT. Therefore, CT
measurements should be confined to few hands.
Furthermore, when assessing possible growth of an
aneurysm, the radiologists should review previous
CT-scans and not base the decision on the results
from previous measurements conducted by another
physician. This will reduce the misclassification due
to interobserver variability. Our results suggest that
when a radiologist measures the maximal infra-
renal aortic diameter, an experienced colleague will
probably (in more than 90% of the cases) not differ
more than 3 mm. This may in many clinical situations
be an acceptable difference.
In conclusion, interobserver variability with CT
measurements of aortic and common iliac artery
diameter is not negligible and is higher than intraob-
server variability. Previous CT-scans should be
reviewed simultaneously to exclude the interobserver
variability. The data indicate that the variability is
influenced by the degree of experience of the radiolo-
gist. These results must be born in mind when making
clinical decisions.
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